Pharmacokinetic/dynamic assessment in drug development: application to the investigational opioid mirfentanil.
The safety, pharmacokinetics, and pharmacodynamics of the investigational partial opioid agonist, mirfentanil, were determined in a dose-escalating, Phase 1 study in healthy male volunteers. Hemodynamic, central nervous system, and respiratory monitoring were used for safety assessment. The electroencephalogram (EEG) was evaluated as a surrogate measure of drug effect. Butorphanol was chosen as the control drug. In the mirfentanil group (n = 8) the dose was increased in sequential subjects from 25 micrograms.kg-1.min-1 for 30 min to 450 micrograms.kg-1.min-1 for 15 min, and in the butorphanol group (n = 10) from 2 micrograms.kg-1.min-1 for 30 min to 25 micrograms.kg-1.min-1 for 15 min. In the mirfentanil group, serious side effects were observed at plasma concentrations more than 2000 ng/mL: heart rates exceeded 130 bpm (n = 2), epileptiform EEG potentials (n = 2), and a convulsion (n = 1). The clearance of mirfentanil was high (5.8-7.2 L/min), and the volume of distribution large (247-348 L). The EEG of the subjects receiving mirfentanil showed no changes typical for opioids. Butorphanol however, caused intermittent slowing in the delta and theta ranges. The results of our study define the upper limit of safe plasma concentrations in future mirfentanil studies.